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ACTIVE MATERIAL FOR LITHIUM BATTERY 

PROBLEM TO BE SOLVED: To enhance capacity by constituting an active material of Li, 
Cu, P and O elements of the specific ratio. 

SOLUTION: An active material is expressed by a chemical formula (LiCui.xP04). Here, 
(0<X<1) is realized. In this active material, a crystal system is an orthorhombic system in 
(0.5<X<1), and a unit lattice constant of its crystal lattice Is (a=5.31±D.5, and 
b=13.43±0.5 and c=4.91+0.5) in an angstrom unit. Such an active material is 
manufactured by heating it in two stages at 450°C, then, at 800°C after 
pressurizing/molding them into a pellet shape under pressure of 400 kgf/cm^ 
by mixing them in the stoichiometric ratio of Li2C03, CuO and (NH4)2 HPO4. A battery is 
composed of a positive electrode having this active material, an electrolyte and a negative 
electrode being Li, an LI alloy, LlxSn02, carbon and/or a graphite material. To put it 
concretely, a battery having high capacity such as 600 mAh/g Is obtained. 
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1 Title orinveution 

" Active material for lithium batteries " 

2 Claims 

The following are claimed: 

1- An active material of formula LiCui.JPO^ (0<x<l) for lithium batteries. 

2- An active material in accordance with claim 1 wherein the structure is orlhorhombic 
for0.5<)c<l. 

3- An active material in accordance with claim 2 wherein the unit cell parameter of the 
orthorhombicceU arc: a=5.3l±0.5A, b=] 3. 43 ±0.5 A and c=4.91 ±0.5A 

4- A method of preparing the active material according to claim 1, 2 or 3 wherein a 
stoichiometric amount of ^,003, CuO and {NH4)2HP04 was peletcd^ 400kgf/cm-, 
and heated in two step at 450°C and then at 800°C. 
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5- An electrode comprises a material in accordance with claim 1, 2 or 3 as a positive 
active material for lithium batteries. 



6- A cell comprising a positive active material in accordance with claim 5, an 
electrolyte and a negative active material which is Li, Li-alloy, LixSnO,, carbon 

and/or graphite materials. 

3 Detailed Description of Invention 

3- J Descnplion of pre^nous work 

Small secondary batteries are being used in increasing numbers to power portable 
equipment such as tools, toys lighting, and more significantly in consumer electronic devices 
such as computer, camcorder, cellular phones and so on. more recently, secondary lithium 
batteries have rccdved renewed interest with respect to employing a Li-insertion compound as 
anode instead of metallic Li to give the "lithium ion" batteries . This system, however, require 
careful selection of cathode and anode hosts . The layered LiMeO. (Me: Co, Ni^tMat. Res. Bull, 
15 (1980) 783, J. Appl, Phys. 19 (1980) 305] and the three dimensional spinel oxide LiMn,0 , 
[Mat. Res. Bull 18 (1983)461, Mat. Res. Bull, 19 (1984) 179] having a mid discharge voltage at 
about 4 V against lilluum have become altraclive cathode for litliiuin ion batteries. More recently, 
other type of cathode materials were investigated for a possible use in lithium ion system. These 

2 
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compounds are composed of Nasicon related 3D framework such as Li>l2(P04)3 M(Ti, V, Fe) 
and M,(S04)3 (M: Ti, Fe) [ Solid State ionic 92 (1996) 1]. In the undisclosed Japanese patents 
9-134 725, 9-134 724 and 9-171 827, LiMP04 , M: Ni, Co, Mji, Cu were claimed. Tliese 
materials have an Olivine structure totally different from materials of the present invention. 

3-2 Summary of the invention 

The invention relates to a new active material of formula LiCu k^PO^ {0Sc<1 ) which 

could be used as positive active material for lithium batteries. 

3'5 Description of the irivention 

The invention v^dll now be described, by way of non limiting illustrative examples, 
with reference to experiment which the applicant has conducted and with reference to the 
accompanying figures. 

EXAMPLE-l ^ 

LiCu,,,^ j(0<x<0.5) in accordance of the present invention was prepared using a 

one stage reaction involving a stoichiometric mixture of I J^jCO;*, CuO and (NHJ,HP04. The 
mixture was first ground in an agate mortar and pressed into a pellet at 400kgFcm" ard then 
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calcined in air at 450X for 4 hours followed by heatii^ at 800°C for 24 hours, the obiaiued 
material present a blue color. 



F.XAMPr,E2 

LiCui.j^PO^ (0-5 <x<l) in accordance of the present invention was prepared using a 
one step reaction involving a stoichiometric mixture of Li^COj, 2CuO, (NH^)^^!^^. The 
mixture was fii si gi ound iu an agate mortar aiid pi^stxl into a pellet at 40OkgJ7cm' and then 
calcined in air at •150''C for A hours followed by heating at SOO'^C for 24 hours, the obtained 
material present a green color. 

Fig.l /\, B, show the X-ray diffraction patterns of LiCuj^j^PO^ with x=0 and x=l^ 
respectively, obtained according to the present invention. For material with x= 0, the material 
present many peaks making it diiUcult to index Since this patterns couldn't be indexed as 
mixed compounds of already known T.i. Cu and phosphate based materials, we therefore, 
believe that the material of the present invention corresponds to a new phase. Similar patterns 
was also observed for materials LiCu,,_P04 with (Q<x<0.5). However for x=l. X-ray 

diflraction pattern could be indexed with onhorhombic symmetry and unit cell parameters : 
a= 5.,'il±0.5A, b=13.43±0.5A and c=4.91±0.5A. Similar patterns were ob&en^ed for 
materials LiCu,^I*04 witli (0.5<x<l). 

4 
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Fig. 2 shows an example ot the cyclic voltammeter of LiCuPO*, The material exhibit 
only one reduction peak at around 2. 1 V without corresponding o>cidarion peak. In this case.. 
LiCIOy2EC+2DMC-rDEC was used as electrolyte at a scanning rate of 0-2mV7min. 

Fig. 3 shows an example of the cyclic voltammeter of T.iCuJPOi. The material exhibit 
only one reduct ion peak at around 1 .85 V vs Li/I -i* without corresponding oxidation peak An 
other small reduction peak was obser\'ed at around 1.2 V vi- Li/Li' . In this case, LiClO^ 
/2£C^ 2DMC4DHC was used as eJeclrolyle at a scauniug rate of 0.2mV/niiji. 

Fig.4 shows the charge and discharge curves of the first two cycles of the material 
TJCUPO4 of the present invent inn. The test was conducted in glass cell type iwing 
LiC104/2EC+2DMC-HDEC at a current density of 0. 1 mA/cm^. The cdl comprises a positive 
electrode ( «7% of the active material of the present invention, 5% carbon black, 8% PVDF), 
a lithium counter and a lithium reference. First the cell was discharged to intercalate 
additional lithium into the material of the present invention. The cell shows 0 flat plateau at 2 
V va- Li/Li* during the discharge process with a very high capacity uf600riiAti/'g. Ttns large 
capacity revels the ibmiatioii of lilliiuin rich uiaterial during tlie discharge pnxess. 

Fig. 5 shows Ihe X-ray diffraction pattern of LiCuP04 after discharge. Two new 
phases corresponding to Li^POa and metallic cooper was obtained. This result reveals that 
I .i(AinJ^)^(0<A<] ) iWiiirriiil dcL^jiiipo.scs 10 litluuia ridi LijFO^ ajid niCiallic coopci dufiiig 
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the discharge process. Therefore, the large discharge capacity observed in this material could 
be due to the decomposition reaction and formation of hthium inch LiiPO^. 

Fig. 6 shows the Cu3p XPS emission spectra of LiCuP04 before and after discharge. 
After discharge, the peaks are shifted toward low binding energy of 932.5 eV characteristics 
of metallic aM>per. This result mnfirm clearly the presence of metallic co<^per in the 
discharge LiCuP04. 

3-4 Merits of the invention 

The invention relates to a new active material of formula LiCu,.KPO^(()<x<l) having 

different structure depending on x values and which could be used as cathode material in 
lithium primary batteries with a capacity as high as 600niAh/g and a potential of 2V x^' 

Lm\ 

4 Brief Description ofDrawing 

Fig. 1-A shows the X-ray dijBFraction pattern of the material LiCuPO^ o^e present 
invention. 

Fig 1-B shows the X-ray diffraction pattern of the material T.jCu.PO^ of the present 
invention. 
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Fig. 2 shows the cyclic volatomraogram of the material LiCuPOj of the present 
invention. (Scan rate was 2mV7min.) 



Fig. 3 shows the cyclic volatommcgram of the material LiCu^PO^ of the present 
invention. (Scan rale was 2mV/min.) 

Fig. 4 shows the charge and discharge curves of the first two cycles of a cell made of 
lithium counier, lithium reference and an electrode made of the active material LiCiiPOj of 
the present invention. In this case, the cell was charged up to 5.3 V and discharged down to 
0.6V.(D;l>ischarge,C;Charge) 

Fig- 5 shov/s the X-ray difiraction patterns of LiCuPO^ after discharge. 

Fig. 6 shows Cu^ XPS emission spectra of LiCuPO^ (A) before and (B) after 
dischaJigc. 
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1- Abstract 

The invention relates to a new active material offormula LiCu,^PO^ (0<x<l) which 
could be used as cathode material in lithium battery. 



2-Rcpresentative Drawing 
Fig. 4 



